Following the production of a near comprehensive generic phylogenetic analysis of African angraecoid orchids, paraphyly of the genus Rhipidoglossum relative to Cribbia, Margelliantha and Rhaesteria was in need of being resolved by integrating morphological observations into this newly available molecular framework. 
Introduction
Rhipidoglossum is part of the mostly Afro-Malagasy subtribe Angraecinae, which has undergone a spectacular radiation event in the past five million years (Givnish et al. 2015) . Generic boundaries in Angraecinae are considered by Chase et al. (2015) as one of the major remaining unresolved issues in Epidendroideae taxonomy and have thus been the focus of a large project concerning the taxonomy of this large group (SimoDroissart et al. in press) of about 760 species (Pridgeon et al. 2014) .
Rhipidoglossum Schlechter (1918: 81) was first revised by Summerhayes (1937) , who designated Rhipidoglossum xanthopollinium (Reichenbach 1885 : 382) Schlechter (1918: 81) as type species. As presently circumscribed (Cribb 2014a) , Rhipidoglossum also includes taxa formerly placed in the defunct genera Sarcorhynchus Schlechter (1918: 104) and Crossangis Schlechter (1918: 141) , comprising 38 accepted species confined to tropical and southern Africa (Govaerts et al. 2017) . Based on an overall morphological similarity, Summerhayes (1960) subsumed Rhipidoglossum under Diaphananthe Schlechter (1915: 53) as a section of the later, and this treatment was subsequently adopted by several authors working on the flora of Tropical Africa (e.g. Hall 1974 , Rasmussen 1974 , Cribb 1989 , Geerinck 1992 , la Croix & Cribb 1998 ).
However, an enlarged concept of Diaphananthe including Rhipidoglossum was shown to be polyphyletic by the molecular studies in Carlsward et al. (2006) and and a recently produced broad phylogenetic analysis of Angraecinae (Simo-Droissart et al. in press) , in which Rhipidoglossum is retrieved as sister to Mystacidium Lindley (1837: 205) , Angraecopsis Kränzlin (1900: 171) and Sphyrarhynchus Mansfeld (1935: 706) . This finding has given credit to the taxonomic treatment of Garay (1972) , who was the first to reinstate Rhipidoglossum, drawing attention to the distinctive morphology of the pollinaria with two separate viscidia versus a single viscidium found in Diaphananthe. Molecular phylogenetics has also shown that Rhaesteria Summerhayes (1966: 191) , Cribbia Senghas (1985: 19) , part of Margelliantha Cribb (1979: 329) and Angraecopsis pusilla Summerhayes (1951: 258) are nested in Rhipidoglossum (Simo- Droissart et al. in press) . Also, Margelliantha caffra (Bolus 1893: t. 8) Cribb & Stewart (1985: 413) and Diaphananthe millarii (Bolus 1905 : 147) Linder (1989 , were found to be sister to Rhipidoglossum plus the satellite genera, Cribbia, Margelliantha and Rhaesteria (Simo-Droissart et al. in press ). Accordingly, Simo-Droissart et al. (in press) suggested that all these taxa should be lumped into a broad concept of Rhipidoglossum. Here we critically review the morphological traits that support the taxonomic rearrangements proposed by Simo- Droissart et al. (in press) . A short account of the nomenclatural history is provided for each genus or group of species to be moved into Rhipidoglossum, and the necessary nomenclatural changes, consisting of 11 new combinations in Rhipidoglossum, are also presented.
Materials and methods
About 700 specimens of 48 species of Rhipidoglossum, Rhaesteria, Cribbia, Margelliantha, Angraecopsis pusilla and Diaphananthe millarii, were examined using standard herbarium practices (de Vogel 1987) , including material housed in BM, BR, BRLU, COI, K, LISC, LISU, NU, P, and UPS (acronyms following Thiers 2017, continuously updated) . Additionally, the type specimens of Diaphananthe millarii and Margelliantha caffra were not available in these herbaria and were examined through the Global Plants facility (JSTOR 2000 (JSTOR -2017 . Photographs of living plants, retrieved from Orchidaceae of Central Africa (Droissart et al. 2017) and from the World orchid iconography (WOI 2015 (WOI -2017 of the Swiss Orchid Foundation at the Herbarium Jany Renz and the Botanical Institute of the University of Basel, were also examined. The distribution of character states indicated as diagnostic for each genus in protologues, and other relevant literature, were critically reviewed considering a comprehensive phylogenetic analysis of the African angraecoids presented in Simo- Droissart et al. (in press ). Accordingly, generic boundaries were reassessed adopting a strictly phylogenetic view of Linnaean taxonomy (e.g. Bateman 2009 . Wildeman (1916: 184) and A. firthii Summerhayes (1958: 267) , but in this case the two viscidia initially adhere to each other and come away together when removed from the column (Summerhayes 1958) .
Margelliantha caffra and Diaphananthe millarii form a clade sister to this more inclusive concept of Rhipidoglossum, and since they also share the same general floral morphology (e.g. non-papillate rostellum with a prominent midlobe), they too are here included in Rhipidoglossum. In turn, Mystacidium, Angraecopsis and Sphyrarhynchus together are sister to this inclusive concept of Rhipidoglossum, and the four genera share the same trilobed rostellar structure. This observation led Rice (2005) 
to move
Cribbia, Margelliantha and part of Rhipidoglossum into Angraecopsis, creating the new subgenera Cardiochilos Rice (2005: 19) and Angraecopidoglossum Rice (2005: 21) within the last to encompass these species. Contrary to what is stated by Cribb (2014a: 433), Rice (2006) did not formally move Rhipidoglossum into Mystacidium, despite his claim that no clear differences could be found among Rhipidoglossum, Angraecopsis and Mystacidium. However, Angraecopsis and Mystacidium present a distinctive trilobed lip and a rostellum in which lateral lobes are longer or subequal in length to the midlobe, which sets them apart from Rhipidoglossum. Additionally, in the case of Mystacidium, the lateral lobes of the rostellum are covered in conspicuous papillae absent in any other closely related taxa. In Angraecopsis sect. Coenadenium Summerhayes (1951: 259) , in Mystacidium pulchellum : 374) Schlechter (1918 and in Sphyrarhynchus, the two visicidia are connate. A taxonomic revision of Mystacidium, Angraecopsis and Sphyrarhynchus (the 'SAM clade') is presented by Martos et al. (in press ), shedding further light on the taxonomy of the SAM alliance and Rhipidoglossum. Martos et al. (2017) have notably found Mystacidium to be polyphyletic, with Mystacidium tanganyikense Summerhayes (1945: 113) from Tanzania and the Zambezian region located in Rhipidoglossum and satellite genera.
Despite the presence of conspicuous papillae on the rostellum arms that sets the species apart (Martos et al. 2017) , the prominent midlobe of the rostellum of M. tanganyikense together with its overall floral morphology also suggest that it is best treated in Rhipidoglossum. Finally, future revisionary work should focus on exploring the phylogenetic affinities of poorly known species of Rhipidoglossum (e.g. (Cribb 1989: 538 in Rhipidoglossum, whereas M. pulchellum with its single visicidium and zig-zag inflorescence axis (Schuiteman 1981 ) is probably best placed in Sphyrarhynchus. The inclusion of these species in a comprehensive molecular phylogenetic framework will be key to further clarify relationships of Rhipidoglossum and putatively morphologically similar taxa.
Rhipidoglossum stellatum
Margelliantha caffra and Diaphananthe millarii:These two species (Fig. 1F) form a well-supported clade (Simo-Droissart et al. in press) characterised by short stems, white tepals contrasting with a green column, slender floral pedicels, an elongate cylindrical lip spur and a peg-like median rostellar lobe. Both species were formerly placed in Mystacidium (Bolus 1905) and are endemic to eastern South Africa (Govaerts et al. 2017) . Rostellar structure and overall floral morphology of the two species are similar to those of Rhipidoglossum curvatum (Rolfe 1897: 174) Garay (1972: 195) (Figure 1B) , and the white conspicuously pedicellate flowers with a contrasting green anther cap are reminiscent of those of Margelliantha and Cribbia thomensis la Croix & Cribb in Cribb & la Croix (1997: 745) . The latter led Cribb & Stewart (1985) to move Mystacidium caffrum (Bolus) Bolus (1905: 145) to Margelliantha. Afterwards Linder (1989) , recognising the clear similarity of Mystacidium millarii (1905: 147) and Margelliantha caffra, moved both into Diaphananthe, drawing attention to their rostellar structure and that of Rhipidoglossum montanum (Piers 1969 : 248) Senghas (Senghas 1986 : 1111) (see also Cribb & Stewart 1985) , then regarded as part of Diaphananthe. Carlsward et al. (2006) were the first to retrieve D. millarii as sister to Rhipidoglossum and Cribbia, a relationship confirmed by Simo- Droissart et al. (in press) who found this species together with M. caffra as sister of Rhipidoglossum. We preliminarily considered creating a new genus that would be sister to Rhipidoglossum to accommodate these two species, but their overall floral resemblance to Rhipidoglossum led us to move both into a morphologically diverse (Figure 1 ) and geographically widespread Rhipidoglossum.
In this way, we follow the general prescription of avoiding the recognition of small genera with little grouping information (Bateman 2009 ). Mystacidium tanganyikense was found to be nested in the same clade grouping D. millarii and M. caffra by Martos et al. (in press) , who pointed out the presence of a penicillate callus in the mouth of the spur as a feature common to the three species. In habit, with its short stem and pendent wiry inflorescences, M. tanganyikense presents some similarities to Rhipidoglossum melianthum (Cribb 1979: 335) from Tanzania. In turn, regarding its floral morphology, M. tanganyikense is morphologically similar to R. stellatum and Rhipidoglossum tanneri (Cribb in Cribb & Stewart 1985: 411) Senghas (1986 Senghas ( : 1111 , also from Tanzania, with which it shares a similar midlobe of the rostellum with a conspicuous bifid apex. Whether these morphological traits of M. tanganyikense and these Rhipidoglossum species are due to common descent are a result of convergent evolution associated to a common pollinator guild is something to be ascertained in future phylogenetic studies of Rhipidoglossum. Without a more comprehensive molecular sampling of Rhipidoglossum and SAM species, notably from East Africa, we prefer not to transfer M. tanganyikense to Rhipidoglossum at this time. Summerhayes (1966: 191;  Fig. 1E ), the single species of Rhaesteria, was found to be deeply embedded in Rhipidoglossum (Simo- Droissart et al. in press ). This Albertine Rift endemic is only known from the montane forests of Uganda and Rwanda (Fischer et al. 2010 , Govaerts et al. 2017 . Specimens attributed to this taxon were misidentified by Geerinck (1988 Geerinck ( , 1990 as Angraecum humile Summerhayes (1958: 269) and A. pettersonianum Geerinck (1990: 181; Delepierre & Lebel 2001) . The morphological uniqueness of the genus supposedly rests on the presence of a hammer-shaped median rostellar lobe and connation of tepals along their basal third (Summerhayes 1966) . Comparative morphological analysis revealed, however, that an identical hammer-shaped rostellum can also be found in some species of Rhipidoglossum, notably R. melianthum (Cribb 1979: 335) Senghas (1986 Senghas ( : 1110 , R.
Rhaesteria:Rhaesteria eggelingii
ochyrae Szlachetko & Olszewski (2001: 868) , R. stellatum and R. tanneri, and the basal tepal connation, although not as evidently, is also observed in R. adoxum (Rasmussen 1974: 229) Senghas (1986 Senghas ( : 1110 . Rice (2005) pointed out the similarity of Rhaesteria to some species of Rhipidoglossum, notably to R. melianthum and R. stellatum, for which he created the section Malleiform Rice (2005: 20) within Angraecopsis.
Molecular evidence (Simo-Droissart et al. in press) indicates, however, a close relationship of Rhaesteria to R. rutilum (Reichenbach 1885 : 382) Schlechter (1918 , but a more comprehensive sampling of Rhipidoglossum is needed to clarify infrageneric taxonomy. In any case, all results strongly support inclusion of Rhaesteria in
Rhipidoglossum.
Margelliantha:The genus as circumscribed by Cribb (2014b) was revealed to be polyphyletic by Simo-Droissart et al. (in press) with M. lebellii Fischer & Killmann in Killmann & Fischer (2007: 745) being nested in Diaphananthe, and M. caffra sister to D. millarii, as previously discussed. Therefore, here we will discuss only the four species of Margelliantha s.s. originally enumerated by Cribb (1979) in his description of the genus: Margelliantha leedalii Cribb (1979: 333;  Fig. 1G ), the type species, Cribb (1979: 331) , Margelliantha clavata Cribb (1979: 331) and Margelliantha burttii Summerhayes (1937: 82) Cribb (1979: 331) . These four species form a morphologically cohesive group. Margelliantha burtii (Fig. 1H ) is nested within Rhipidoglossum as sister to Cribbia plus Angraecopsis pusilla (Simo-Droissart et al. in press) . Margelliantha burttii was originally described by Summerhayes (1934) in Diaphananthe but later transferred to Rhipidoglossum (Summerhayes 1937) . This species differs from the other three Margelliantha in its larger size and occurrence in the Albertine Rift (Govaerts et al. 2017) . Cribb (1979) based the description of Margelliantha on the shared campanulate pearly white flowers, ecallose lip, thintextured rostellum and prominent rim on the lower margin of the stigma. However, none of these character states is mutually exclusive relative to Rhipidoglossum, and Geerinck (1992) was the first to question whether Margelliantha should instead be included in Rhipidoglossum (then Diaphananthe sect. Rhipidoglossum). A lip callus can actually be found in M. clavata (Fig. 1I) , challenging the original description and delimitation of Margelliantha. A prominent lower rim on the stigma, which we suggest being termed a stigmatic callus, also occurs in Cribbia (being particularly conspicuous in C. pendula la Croix & Cribb in Cribb & la Croix (1997: 747) and in some species of Rhipidoglossum such as R. candidum (Cribb 1979 : 335) Senghas (1986 : 1110 and R. tenuicalcar (Summerhayes 1945 : 109) Garay (1972 . Although the median rostellar lobe of Margelliantha (and Cribbia) has been described as thin-textured and digitiform and thus different from the peg-like one reported for Rhipidoglossum, intermediate states can be observed among Rhipidoglossum species, with R. kamerunense (Schlechter 1906 : 161) Garay (1972: 195) , and R. mildbraedii (Kränzlin 1909: 342) Garay (1972: 195) , illustrating such morphological variation. Rhipidoglossum mildbraedii, a little knownspecies endemic to the volcano belt of the eastern Democratic Republic of the Congo (Govaerts et al. 2017) , is particularly close to Margelliantha in its overall morphology.
Margelliantha globularis
Finally, the striking similarity in floral morphology among Margelliantha, C. thomensis and M. caffra/D. millari is possibly due to convergent evolution associated with a shared group of pollinators. We therefore propose to lump Margelliantha with
Rhipidoglossum.
Cribbia:All four species of Cribbia (Fig. 1J-M) were found to be nested in Rhipidoglossum with Angraecopsis pusilla as their sister (Simo-Droissart et al. in press). Senghas (1985) described Cribbia as including only C. brachyceras (syn. Summerhayes 1936: 228) . It was a segregate of Rangaeris Summerhayes (1936: 227) , and Senghas alluded to its divergent pollinarium structure comprising two viscidia. Later, Senghas (1986) 
Rangaeris biglandulosa

suggested a close relationship between
Cribbia and Rhipidoglossum based on distinctiveness of their two separate viscidia, an opinion confirmed by Carlsward et al. (2006) in their molecular analysis. Cribb (1996) and Cribb & la Croix (1997) described three more species in the genus from the Atlantic side of central Africa, including two endemics from São Tomé (Stévart & Oliveira 2000) . The column of Cribbia is similar to that of Margelliantha, and the same comparative considerations relative to Rhipidoglossum also apply here. The most distinctive traits of Cribbia are their narrowly ovate and not orbicular to flabellate sepals, petals and lip that also occur in most species of Rhipidoglossum. However, Rhipidoglossum microphyllum Summerhayes (1945: 93) and R. montanum also have narrowly ovate tepals, and the overall floral appearance of the former is reminiscent of that of Cribbia. Molecular data are pending to clarify whether this species is closely related to Cribbia. The molecular results of Simo- Droissart et al. (in press) identify a clade comprising A. pusilla, Cribbia, Margelliantha, Rhipidoglossum arbonnieri (Geerinck in Arbonnier & Geerinck 1993: 256) Fischer, Killman, Lebel & Delepierre (2011: 445) and R. kamerunense. These taxa share the same habit with short stems and possess conspicuously pedicellate flowers disposed along a distichous inflorescence and a dorso-ventrally flattened median rostellar lobe. This set of character states is divergent from most species of Rhipidoglossum, which develop long stems and have short pedicels. However, additional molecular sampling is needed the resolve the infrageneric taxonomy of our recircumscribed concept of Rhipidoglossum. Meanwhile, considering all evidence, Cribbia is to be subsumed in Rhipidoglossum.
